The weaknesses in the human hair waste management system has brought many environmental problems that are rarely taken into account. In most of rural areas, this waste is still being used by farmers to protect their plantation from wild hog attacks. However, this traditional practice is seem unpopular and has little exposure. Study in the past related to this waste in Malaysia is still far behind compared to other countries. Moreover, the past practices of this waste as repellent did not highlight the prior procedure and their effectiveness as pest controller to control invasive activity of wild hog. This study aims to briefly discuss on the conflict of human and wild hog, past mitigation practices, potential usage of hair waste as temporary repellent and to share the result of 5 days pilot study through field trial conducted in small orchard in Muar. In this study, fermented corn bait has been applied at the study area to increase the activities and probability of visitation of wild hog. Four (4) samples were placed in the private orchard namely (A) 5kg whole kernel corn; (B) 5kg whole kernel corn mixed with 20g of hair; (C) 5kg whole kernel corn mixed with 40g hair; and (D) 5kg whole kernel corn mixed with 60g hair. The result during feeding test is observed and analysed. Through this pilot study, it indicates the potential of hair waste application as a temporary wild hog repellent.
INTRODUCTION
Wild hog is an exotic and invasive mammals that always causes the problem in agricultural sector. Previous study showed that the most significant effect contributed by invasion of this economic pests can be seen on agricultural crop [1, 2, 3] . In a study conducted by Bratton [4] , the rooting activities during the invasion has not only affect the structure of the plantation, but at the same time has altered the composition of plantation species. Furthermore, this invasive species has also contribute to the extinction of rare plant species and assisting in dieback disease (Phytophthora cinnamon), which is death of woody plantation through symptoms such as death of roots, shoots and twigs [5] . Despite of so many negative opinions related to this pest, their existence also play an undeniable role especially in biodiversity for plantation species as seed dispersal vertebrate [6] . Past study in Sweden by Welander [7] has shown that the existence of wild hog has enriches the soil and plantation species. However, over the years, the need for this species overlaps with human needs which ultimately leads to several negative impacts primarily to crop losses and quality [8] . The problem of invasive activities of this species in agricultural land is exacerbated by their ability to adapt to new environment and restore their population [9] . This has eventually led to a phenomenon of human-wildlife conflicts (HWC). The worst case reported was in the early 70's in Changkat Cermin, Perak where more than 15 acres of young tapioca plantation were damaged by 25 wild pigs [10] .
Several methods of mitigation such as hunting, using fences and food supplementary has been implemented to reduce the invasive activities of wild hog. However, in term of economic aspect, they are not cost-effective. As the use of hair waste has become one of traditional alternative as temporary repellent to overcome the problem of wild hog invasion, this study is conducted to share the result of probability application of hair waste as temporary repellent and to promote the value proposition of hair waste as cost-effective temporary repellent in reducing the invasive activities and human-wildlife conflict for wild hog. This study is expected to be beneficial for agricultural industry, farmers and agricultural business practitioner. This study also give platform for a better and optional waste management for hair salon operator and possible future policies related to its management and operation.
Human-Widlife Conflict (HWC) on Agricultural land
Study conducted in Australia has shown impact due to invasion of this animal. The damage reported caused by the attack of this species has caused losses of at least $100M per year [11] . IUCN's Invasive Species Specialist Group has also listed this species in the top 100 "World worst invasive animal" [12] . This issue that has been contributed by conflict which known as human-wildlife conflict (HWC) mainly targeting on the agriculture area. Basically the HWC cases depend on the species of wildlife that living in the area that also shared by human. In a study made by [13] , the conflict of HWC existed throughout the history as human and wildlife sharing same habitat and source of living such as food and plants. Despite wild hog is known as omnivorous, most of its nutrition diet basically is plant-based [14] . The impact given by wild hog to plantation can either be positive or negative, unfortunately most of them are unpleasant effect. However, its role in seed dispersal and contribution in biodiversity and soil enrichment for plantation is something that are undeniable [7, 15] .
Wild Hog Management and Repellent Practices
According to past studies, there were three popular methods used to reduce the nuisance of wild hog namely, through use of fences, hunting, food supplementary, and other repellent system [16, 1] . In some Euro countries, the use of electrical fences has become the most popular method of reducing the invasive activity of this species. Although the use of fencing system has been proven effective in reducing the invasive activity of this species, Schlageter in his review stated that the huge cost involved for regular inspection and maintenance has made this system to be not cost-effective [16] . Thus this method is considered to be ineffective in term of economic aspect. Meanwhile, Geisser and Reyer in their study had stated that, the activity of hunting is less efficient to reduce the invasive activity as this species has the ability to restore its population and has the ability to adapt with new environment [20] . Besides that, the activities of hunting is restricted by law and legislation. In Malaysia, special permit is required for hunting activity as issued under Firearms Act 1960 for Act 716 under Wildlife Conservation Act 2010. The practicality of the supplementary food has been debated for its effectiveness in overcoming the problem of this species as it allows them to survive and eventually contribute to their reproduction and growth [21] . Apart from that, the use of olfactory repellent has gained people's attention and is widely used to scare this species. In a study reviewed by Schlageter, the use of predator's urine can prevent pests from leaving the area [17] . However, it is quite challenging to collect the urine as most predators are dangerous and big scale repellent production using predator's urine is seems impossible and tedious. Morever, the use of artificial predator's urine will promote the use of chemical substances that have possibility to give harm to wildlife, human, plantation and against the animal act. Stephens in his study highlighted that, an ideal repellent should meet several criteria which are user-friendly; safe for both animals and human to give temporary protection from over-grazing, low-cost, easy to apply and time-saving [22] . The following Table 1 shows the summary for repellent practices that have been practiced by other countries, the implementation, and the source of citation. 
Human Scalp Hair (HSH) as Temporary Repellent and Other Practices
For so many years, the conventional use of human scalp hair (HSH) has become the alternative to reduce the invasive activity of wild hog in agricultural sector, especially in palm oil industry. According to Murty, as these mammals using their snout to detect food and to survive, the use of HSH can potentially cause them severe respiratory irritation and fear to the swine. [18] . Kittawornrat in his study stated that their snout has enable them to survive since piglet phase [19] . Usually the adult female pig or sow can be found in groups, consisting of sow or her litter, while for the adult male, most of them companionless as shown in Figure 1 . Hair waste is among waste material that accumulates the most water stream system which possibly can cause blockage in draining system. Although HSH is seen as waste material by many, its big potential in agricultural sector has proven otherwise and this shows how it is important in contributing for a hair salon waste management. According to Gupta, HSH has become an important element in agricultural over the years especially its usage as slow release fertilizer which could give essential nutrient for soil and plantation [24] . Some traditional practices of human hair showing that human hair is suitable to be used as repellent especially for ungulate such as wild deer, rabbit and wild hog as they use their sense of smell to track food and prey. The concept is, when the hair is sniffed by the ungulates, it will cause discomfort and difficulty in breathing and it will affect their tracking system. Despite the application of HSH which has been used for so many years, the inefficient and improper hair waste management and direct disposal of HSH possibly give negative impact to the environment. The direct use of HSH on land has led to odour problem and pathogen due to lack of treatment on hair before disposed. The inorganic material and oil that stick on the hair might cause unpleasant odour and breeding of pathogen if discharged on land. In agricultural, the use of HSH as repellent for wild hog has proven to be effective in reducing the nuisance by reduction from 40% to 50% [26] . Until now, the use of HSH on land does not emphasis on the method of processing prior its use in agricultural either as fertilizer, or as repellent. Table 2 shows HSH research efforts and up to now, the commercialization of HSH as repellent is still far behind. , he used multiple washing by detergent, distilled water, ethanol, and boiling EDTA solution. However, the effectiveness for type of wash procedure is out of scope of this study as this study only focusing on the probability of hair waste application as temporary repellent.
The HSH collected from hair salon has undergone manually segregation process to separate the hair from visible pollutant such as shampoo bottle, plastic, hair clips and tissue. Hair that had been separated from the visible pollutant was placed in a clean polyethylene container and subsequently washed using mild detergent. Segregated HSH was washed using non-ionic detergent-acetone washing method [33, 34, 35]. Hair was washed using mild detergent at first to remove all visible dirt and oil. After that it was washed again with a 5% dilution of non-ionic detergent, rinsed and hair is oven-dried overnight. Hair was then washed with 1:1 acetone and deionized water for 30 minutes and rinsed before hair is oven-dried at 100 o C overnight. Acetone has been recommend in the past study to be use in hair wash process as it help in removing external contamination such as lead and grease [36] . Field test was conducted from 25th April 2017 until 29th April 2017 at a private orchard in Kampung Parit Mohamad, Bukit Bakri Muar. The process of hair segregation, hair washing is simplified as in Figure 2 . 
Study Area
This study has been conducted between 25th April 2017 and 29th April 2017 at an acre of private orchard planted with tapioca cassava tree, located in Kampung Parit Mohamad, Bukit Bakri, Muar. There were four (4) samples of food used as baits with each of them comprised of; (a) only whole kernel corn; (b) whole kernel corn with 20g of HSH; (c) whole kernel corn with 40g of HSH; and (d) whole kernel corn with 60g of HSH. The amount of whole kernel corn used for sampling remained constant throughout the study. 5 kg of whole kernel corn was used for each sample every day of the experiment. The probability of wild hog visitation to the study area and their response to the use of hair is calculated from the remaining whole kernel corn throughout the study period.
Bait Preparation
Wild hog are known for their distinctive feature which is snout. This feature acts as their tracking system to find food, habitat, to identify their territory and prey. This system is developed since the piglet phase in order for them to survive [19] . Some farmers in the past used fish oil, vegetables, sweet and sour food as attractant to lure this species into the trap. In this study, feed corn was used to lure wild hog. The selection of whole kernel corn as bait was made since they are easy to obtain and often used in baiting [37] The corn was mixed with yeast, flavoured drink (strawberry and grape-flavoured) and water as shown in Figure 3 . The sweetened smell of fermented corn with these ingredients is to draw attention of hog and to increase the probability of hog's visitation and presence at the study area. The mixture was mixed well and kept in clean polyethylene storage to let them fermented for 2 to 3 days before it can be used as bait. . The time of this study and the study area was selected in April due to reports received on invasion of wild hog from local farmer at beginning of the month. Through observations and site visit, there is evidence that strengthens the presence of these animals into the study area through the effects of traces and tapioca plant that have been damaged by the animals as shown in Figure 4 . Figure 4 . Photos taken during site visits on the study area. This figure shows (A) tapioca cassava tree that has been damaged during the wild hog invasion activities, (B) effect of rooting mechanism of wild hog on the immature tree and (C) traces of wild hog at the study area.
Repellency Test on the Field
For this test, we used the combination of open field test and novel object. The open field test is through area that identified as impaired and for novel object is through usage of hair waste as temporary repellent and fermented whole kernel corn as bait to increase the probability of visitation. As this study is intended to investigate the probability usage of hair waste as temporary repellent, the voluntary approach test that involve presence of human is not suitable and it will interfere the process and findings of this study. In order to understand and to analyse wild hog behaviour towards introduction of human hair waste in target area, different amount of hair for each samples has been used in this study. Some studies in India has shown the usage of hair as traditional method to control invasive activity of wild hog [26] . However, there is no detail ratio or method mentioned. In this test, field trials were conducted using 4 samples namely as sample A, sample B, sample C and sample D and they were repeated for each day. 5kg of fermented whole kernel corn were used for four (4) samples per day; (1) 5kg fermented whole kernel corn (sample A); (2) 5kg fermented whole kernel corn mixed with 20g HSH (sample B); (3) 5kg fermented whole kernel corn mixed with 40g HSH (sample C); and (4) 5kg fermented whole kernel corn mixed with 60g HSH (sample D). The field test observed the effectiveness of the repellent through measuring the weight before and after feeding baits were used. The process is simplified as in Figure 5 . Figure 6 shows the presence of wild hog that has entered to the study area on the day-3 of field trial. 
RESULTS AND DISCUSSION
The overall result for weight of sample along the 5 days field trial is depicted as in Table 3 . The total weight of whole kernel corn readings (in percentage) show a slight change in day-1 and day-2 as shown in Figure 7 and Figure 8 . For day-1, small change in weight of whole kernel corn can be seen with sample A (control) show about 10.6% of whole corn was eaten, while for day-2, 11% of the total whole corn is consumed during the field test. Samples B, C, and D, that has mixed with hair waste did not show any significant change with B (2%), C (0.2%), and D (2%) for reading of eaten sample on day-1, while for day-2 is B (4%), C (0.2%) and D (1.4%). This readings interpret the possibility of no wild hog enter the study area during that days. However, the slight change in readings for samples during day-1 and day-2 might contributed by other small pests such as small. Figure 7 . Field test result on probability usage of hair as temporary repellent on day-1 Figure 8 . Field test result on probability usage of hair as temporary repellent on day-2 Meanwhile, the results for day-3 and day-4 show the possibility presence of wild hog through a major change in reading of total whole kernel corn especially for sample A (control) as shown in Figure 9 and Figure 10 . For day-3, 59% of whole kernel corn was eaten, while 61.2% of whole kernel corn was eaten on day-4 for sample A. However, readings for samples eaten during the field trial for sample B, C, and D for both days did not show any significant change, only minor change can be seen for percentage whole corn eaten from sample B on day-3 which is about 0.8% that might be contributed by small pest like bird. Wild hog rely entirely on their olfactory sense as they have weak mechanism for both hearing and sighting [26] . In order to find food and location, wild hog used their special feature which is snout to sniff from one place to another. The use of hair can cause irritation to their respiratory tract as they inhale the hair during sniffing. This can create fear or sense of aware. This interpretation may be appropriate based on observation on sample B, C, and D that are not eaten and shunned by hogs as they mixed with hair during the test. Figure 9 . Field test result on probability usage of hair as temporary repellent on day-3 Figure 10 . Field test result on probability usage of hair as temporary repellent on day-4
The day-5 reading indicates the sensitiveness of wild hog towards the use of hair through the reduction of food consumed in sample A as shown in Figure 11 . For sample A (control), the reading for whole kernel corn consumed on day-5 showed a decrease with 40% of whole corn eaten compared to 61% of total whole corn consumed on the day-4. Meanwhile, samples B, C and D remain unchanged. There are various possible opinions related to change in reading and behaviour of wild hog, namely; the use of hair has caused fear and respiratory irritation to the wild hog and the possibility of they move to elsewhere for source of food. Past review from study conducted by Gray stated that fear by an event is developed through general characteristic such as movement, intensity, duration, bewilderment, consternation, unexpected event and closeness [39] . The sudden introduction of hair waste in the study area might has create bewilderment and fear along with usage of bait which is fermented corn to increase the probability of wild hog visitation. Figure 11 . Field test result on probability usage of hair as temporary repellent on day-5
CONCLUSION
Through this pilot test, it indicates the probability and potential usage of hair waste as temporary repellent from problem of wild hog invasion into agricultural land and to reduce impact of invasion such as damage of crops. In developing animal repellent, several requirement need to fulfill and to be taken into account. An ideal repellent need to meet these several criteria namely; user-friendly; cost-effective; easy to use; saves time; provide temporary protection from over-grazing; and safe for both animals and human [22] . The use of variety repellent and pesticide that can be found in the market maybe effective in protecting crops, however the use of chemical substances that can potentially give a long-term impacts to environmental, soil, human and plantation need to be considered. The long-term usage of some method of controlling the invasion of wild hog might harm the wild hog and might led to deterioration of this species that also well-known as natural heritage and protected by legislation and policies. This study is not only to share the possibility usage of hair waste in agricultural, but at the same time to promote and expose the potential of hair waste and its value in agricultural. This study will significantly contribute to waste management and safe disposal. Further studies in a controlled environment and under supervision from Department of Wildlife and National Park (PERHILITAN) are currently being carried out in order to build characteristic and to obtain optimum value of hair waste usage as repellent along with other eco-friendly material for land usage.
